Oxidative stress and human spermatozoa: diagnostic and functional significance of aldehydes generated as a result of lipid peroxidation.
Oxidative stress is known to compromise human sperm function and to activate the intrinsic apoptotic cascade in these cells. One of the key features of oxidatively stressed spermatozoa is the induction of a lipid peroxidation process that results in the formation of aldehydes potentially capable of disrupting sperm function through the formation of adducts with DNA and key proteins. In this study, we have examined the impact of a range of small molecular mass aldehydes generated as a consequence of lipid peroxidation on human sperm function and also compared the two most commonly formed compounds, 4-hydroxynonenal (4HNE) and malondialdehyde (MDA), for their relative ability to reflect a state of oxidative stress in these cells. Dramatic differences in the bioactivity of individual aldehydes were observed, that generally correlated with the second order rate constants describing their interaction with the model nucleophile, glutathione. Our results demonstrate that acrolein and 4HNE were the most reactive lipid aldehydes, inhibiting sperm motility while augmenting reactive oxygen species production, lipid peroxidation, oxidative DNA damage and caspase activation, in a dose-dependent manner (P < 0.001). In contrast, a variety of saturated aldehydes and the well-known marker of oxidative stress, MDA, were without effect on this cell type. While MDA was not cytotoxic per se, its generation did reflect the induction of oxidative stress in vivo and in vitro in a manner that was highly correlated with the bioactive lipid aldehyde, 4HNE. Despite such overall correlations, individual patient samples were observed in which either MDA or 4HNE predominated. Given the relative cytotoxicity of 4HNE, we propose that this aldehyde should be the preferred criterion for diagnosing oxidative stress in the male germ line.